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MOORING SYSTEM WITH ACTIVE CONTROL 
Technical Field 

The present invention relates to a vessel mooring system with active 
control and more specifically to a system for monitoring mooring loads applied to 
5 and displacement of a vessel. In particular although not solely the invention 
relates to the control of a mooring system employing mooring robots having an 
attractive attachment element for engagement with a surface for making fast the 
ship. 

1 0 Background Art 

The mooring of a ship at a terminal such as a dock utilising mooring 
robots is known. Automated systems such as these are described for example in 
WO 0162585 and have a number of advantages over conventional methods of 
mooring employing mooring lines. 

15 When a ship is approaching the terminal mooring robots are able to secure 

a ship and subject it to large forces within a reasonably short time to counter any 
significant dynamic forces in order to reduce movement of the ship and thereby 
bring it under precise control into a desired position relative to the terminal. 
However, a problem which any mooring system must counter is the effect of 

2 0 water currents and wind which tend to apply forces to a ship in a direction which 
may encourage the ship out of contact with the mooring robots. This introduces 
important safety consideration in the design of robotic systems employing 
attractive attachment elements such as vacuum cups. In considering 
environmental aspects, it is desirable to provide a high leyel of safety while also 

2 5 avoiding over-design and excessive redundancy. 

Failure in the mooring of a vessel with a vacuum cup style mooring robot 
occurs when the forces applied to a vessel in a direction tending to release the 
vessel from the vacuum cups exceed the suction force of the vacuimi cups on the 
vessel. This holding force can vary according to the degree of suction that is 

30 applied by the pneumatic suction system. The size of the holding force and hence 
the holding capacity applied by the mooring robots to the vessel can hence vary. 
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In more traditional forms of mooring using mooring lines, the holding capacity 
provided by tiie mooring lines is determined by the break strength of the mooring 
lines or the strength of the fixtures holding the mooring lines between the vessel 
and the shore. 

5 In conventional mooring methods employing mooring lines, various 

methods have been proposed for monitoring the mooring loads and controlling 
the mooring system to avoid catastrophic failure. For example, the magnitude of 
the tensile loads in the mooring lines have in previous methods been monitored to 
control automatic mooring winches. For example US4055137 describes the use 

10 of tension detectors to determine the tension force within a mooring line 
connected between a wharf and a vessel. Such information is used to control the 
winches to make adjustments to the tension of the mooring lines as desired. The 
system of US4055137 may however only be relied upon to ensure that certain 
limits of force within the mooring lines are not exceeded. Such limits are fixed 

15 dependent on the tensile strength of the mooring lines or fixtures in question. 
Since such tensile strength limits do not vary over time and cannot vary over time 
the information gained firom the forces within the mooring lines relate only to the 
determination of the ultimate maximum brealdng strength of the mooring. 
Furthermore since there is no measurement of angles of force between the vessel 

20 and the mooring lines it is not possible to utilise the system of US4055137 to 
determine the total force being applied to the vessel in for example the 
athwartship direction and longitudinal direction. Furthermore in light of there 
being no angular or displacement measurements being provided by the system 
described in US4055137 the invention of US4055137 does not allow for accurate 

25 position information to be provided as part of the system. The system of 
US4055137 is also unable to provide mooring load data while the vessel is 
moving relative to the terminal, since the system is not designed to purposefully 
move a ship. 

US4532879 describes a mooring robot which is directly coupled to a 
30 vessel. LikeUS4055137, no vacuum connection is provided. Whilst a mooring 
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force is measured in one direction only by the mooring robot of US4532879 the 
purposes for such is to restore the positioning of the vessel relative to the 
mooring robot. The force is measured to control a hydraulic pressure system to 
provide such restorative force. Since the ultimate holding capacity of the 
5 mooring robot is determined from the strength of the physical structure there is 
no need for a control of the mooring force dependent on any variation in ultimate 
holding strength of the coupling between the ship and the mooring robot since 
there is no such variation. Furthermore the mooring robot of US4532879 is 
capable only of measuring forces in one direction since the robot is free rotating 
10 about a pivot point. Since the mooring robot provides no lateral constraints to the 
ship this system is analogous to the measurement of force in a mooring line as 
for example shown in US4055137. 

Our own prior publication of WO02/090173 describes a mooring robot 
however no reference is made to a relationship existing between the variable 
15 vacuum cup holding force and the forces measured by the mooring robot in at 
least the athwartship and longitudinal directions. 

A further issue in respect of the monitoring of forces and displacements in 
a mooring line mooring system is the fact that such mooring lines are often elastic 
in nature. Accordingly no absolute determination of forces and positioning can 
20 be measured in such an elastic coupling. Whilst measurements of the mooring 
lines can be achieved to provide absolute information thereof, it is not an 
instantaneous reflection of the loading and position of the vessel. 

Accordingly some of the prior art systems as described above utUise the 
force measurement provisions for ensuring the maintenance of the mooring 
25 system to within limit s of self destruction. This is so because of the direct 
mechanical coupling of the vessel witibi the mooring robots to the wharf. 

Moreover the accuracy achievable with the mooring line prior art systems 
is limited by the properties of the mooring Unes, which may interfere with one 
another or with bollards etc to produce anomalous effects which cannot be 
3 0 readily measured. 
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It is accordingly an object of the present invention to provide a mooring 
system with active control which address the foregoing needs and problems or at 
least to provide the public with a useful choice. 

Further aspects and advantages of the present invention will become 
5 apparent from the ensuing description which is given by way of exanq)le only. 



Disclosure of Invention 

Accordingly in a first aspect the present invention consist in a method of 
10 controlling a vessel mooring system said system including at least one mooring 
robot for releasably fastening a vessel floating at the surface of a body of water to 
a terminal, the mooring robot including an attractive force attachment element 
displaceably engaged to a base stmcture of said mooring robot said base structure 
afGxed to said terminal, said attractive force attachment element being releasably 
15 engagable with a vessel surface for making fast the vessel with said terminal, the 
mooring robot providing active translational movement of the attractive force 
attachment element relative to the base structure to allow thereby the movement 
of a vessel in a direction selected from any one or both of 
(i) an athwartship direction, and 
20 (ii) a longitudioal direction, 

said method, after the associating of the vessel with the mooring system by 
allowing the vessel svirface to be engaged by tlie attractive force attachment 
element and the establishing of an attraction between said vessel and said 
mooring robot, conq)rises; 
25 (a) measuring the attractive force between the surface and the attractive 

force attachment element, for the purposes of detennining the holding capacity in 
at least one of 

(i) parallel to the attractive force direction, 

(ii) normal to the attractive force direction and 
30 horizontally, and 
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(iii) nonnal to the attractive force direction and vertical, 

(b) measuring the force between the attractive force attachment element 
and the base structure of the mooring robot at least in a direction selected from 
anyone or more of 

5 (i) parallel to the attractive force direction, 

(ii) normal to the attractive force direction and 
horizontally, and 

(iii) normal to the attractive force direction and vertical, 

(c) monitoring the relationship between the attractive force and the 
10 force(s) measured in (b), wherein an alarm is triggered when any one or more of 

the forces measured in (b), in a direction to tend toward allowing relative 
movement between the attractive force attachment element and the said vessel, 
approaches an attractive force dependent holding capacity in the direction to tend 
towards allowing relative movement of the attractive force attachment element 

1 5 with said vessel. 

Preferably said attractive force attachment element is a variable attractive 
force attachment element and the method further includes, when any one or more 
of the forces measured in (b) reach a predefined limit tending toward edlowing 
relative movement between the variable force attractive element and the said 

2 0 vessel in a direction parallel to such force(s) measured, the controlling to increase 
the attractive force between the vessel surface and the variable attractive force 
attachment element in response to the force(s) measured in (b). 

Preferably said attractive force attachment element is a variable attractive 
force attachment element and the method further includes, when any one or more 

25 of the forces measured in (b) reach a predefined limit tending toward allowing 
relative movement between the variable force attractive element and the said 
vessel in a direction parallel to such force(s) measured, the controlling to increase 
the attractive force between the vessel surface and the variable attractive force 
attachment element proportional to tihe force(s) measured in (b). 

30 Preferably said attractive force attachment element is a variable attractive 
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force attachment element and the method further inchxdes, when any one or more 
of the forces measured in (b) reach a predefined limit tending toward allowing 
relative movement between the variable force attractive element and the said 
vessel in a direction parallel to such force(s) measured, the controlling by 
5 increasing of the attractive force between the vessel surface and the variable 
attractive force attachment element when the force(s) measured in (b) reaches a 
maximum limit of a predetennined range. 

Preferably wherein the force(s) measured in (b) between the attractive 
force attachment element and the base structure is continuously monitored and 

10 determined fi^om a signal responsive to a transducer, wherein said signal 
responsive to said transducer is displayed on the vessel visually, to indicate the 
force (s) between vessel and said fixed structure of said mooing robot 

Preferably said system included a plurality of spaced apart mooring robots, 
each presenting an attractive force attachment element to engage to a surface of 

15 said vessel and wherein the force(s) as measured in (b) between the attractive 
force attachment element and the base structure of each mooring robot is 
continuously monitored and determined firom a signal responsive to a transducer, 
wherein said signal responsive to said transducer is displayed on the vessel 
visually, to indicate the force (s) between vessel and said fixed structure of said 

20 mooing robot 

Preferably said system included a plinrality of spaced apart mooring robots, 
each presenting an attractive force attachment element to engage to a surface of 
said vessel, wherein said method further includes, when any one or more of the 
forces measured in (b) of one of said mooring robots tends toward allowing 

25 relative movement between the attractive force attachment element and the said 
vessel in a direction parallel to such force(s) measured by such approaching a 
holding capacity of the attractive force attachment element in any such direction, 
at least one of the other mooring robots is controlled for movement of its 
attractive force attachment element relative to said fixed base in a direction to 

30 vary the force between its attractive force attachment element and its base 
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structure in a direction opposite to such said direction to thereby reduce the force 
in such said direction between the attractive force attachment element and its said 
base structure of said one mooring robot. 

Preferably said system included a plurality of spaced apart mooring robots, 
5 each presenting a variable attractive force attachment element to engage to a 
surface of said vessel, wherein said method further includes, when any one or 
more of the forces measured in (b) of one of said mooring robots tends toward 
allowing relative movement between the variable force attractive element and the 
said vessel in a direction parallel to such force(s) measured by such approaching 
10 a holding capacity of the attractive force attachment element in any such 
direction, at least one of the other mooring robots is controlled to increase its 
attractive force. 

Preferably wherein the attractive force between each attractive force 
attachment element and the vessel surface is measured and a signal corresponding 
15 to the measured attractive force is transmitted for the purpose of its display on the 
vessel. 

Preferably wherein the attractive force between said attractive force 
attachment element and the vessel surface is measured and a signal corresponding 
to the measured attractive force is transmitted for the purpose of comparison with 

2 0 the measured force(s) of (b), wherein an alarm is triggered when any one or more 
of the forces measured in (b) reaches a proportion of a force required to result in 
relative movement between said attractive force attachment element and said 
vessel, which holding force is dependent on attractive force measured. 

Preferably wherein the attractive force between said attractive force 

2 5 attachment element and the vessel surface is measured and a signal corresponding 
to the measured attractive force is transmitted for the purpose of comparison witti 
the mesisured force(s) of (b), wherein the attractive force is increased when any 
one or more of the forces measured in (b) reaches a Umit corresponding a force 
(holding force) required to result in relative movement between said attractive 

30 force attachment element and said vessel, which holding force is dependent on 



wo 2004/011326 PCT/NZ2003/000167 

-8- 

attractive force measured. 

Preferably wherein the attractive force attachment element is of a kind to 
be engaged with a planar surface of said vessel with its attractive force acting 
normal only to said planar surface, wherein the attractive force between each 
5 attractive force attachment member and the planar surface is measured and a 
signal corresponding to the measured attractive force is transmitted for the 
purpose of comparison with the force measured in (b) (ii) wherein an alarm is 
triggered when such force in a direction to tend toward resulting in a relative 
movement of said attractive force attachment member and said vessel in the 
10 direction parallel to the force measured in (b) (ii), approaches the holding 
capacity of said attractive force attachment member with said vessel as 
determined from the measured attractive force. 

Preferably wherein the attractive force attachment element is of a kind to 
be engaged with a planar surface of said vessel with its attractive force acting 
1 5 normal only to said planar surface and is of a variable attractive force attachment 
element, wherein the attractive force between each attractive force attachment 
member and the planar surface is measured and a signal corresponding to the 
measured attractive force is transmitted for the purpose of comparison with the 
force measured in (b) (ii) wherein when such force in a direction reaches a 
2 0 predefined limit tending toward resulting in a relative movement of said attractive 
force attachment member and said vessel in the direction parallel to the force 
measured in (b) (ii), approaches the holding capacity of said attractive force 
attachment member witii said vessel, the attractive force is increased. 

Preferably wherein when the force between the mooring robot and the 
2 5 vessel parallel to the direction of force measured in (b) (i) tends toward resulting 
m a separation of said attractive force attachment element from said vessel, 
exceeds a first threshold the mooring robot adopts a safe mode wherem the 
attractive force between the vessel surface and the attractive force attachment 
element changes to a maximum attractive force. 
30 Accordingly in a second aspect the present invention consists in a vessel 
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mooring system which includes 

at least two mooring robots secured to a terminal, the terminal being either 
a fixed or floating structure each mooring robot including an attractive force 
attachment element displaceably engaged to a base structure of said mooring 
5 robot said base stmcture fixed relative to the terminal, said attractive force 
attachment element to be releasably engaged with a substantially vertically 
extending port or starboard side disposed vessel surface for making fast the 
vessel to said terminal, said attractive force attachment element capable of 
exertiug an attractive force normal to said vessel surface at which it is to be 
10 attached, 

means to establish tibe attractive force between said vessel and said 
attractive force attachment element 

wherein each mooring robot includes means to actuate movement of the 
attractive force attachment element relative to the base structure in at least a 
15 direction selected fi-om any one or both of an athwartship direction and 
longitudinal direction 



and wherein for each robot, said system further including 



20 



(a) a means to measure the attractive force between the attractive force 
attachment element and the vessel in a direction parallel to said 
normal to provide an "attractive force capacity reading" and 



(b) means to measure the force between said attractive force attachment 
element and the base structure of said mooring robot in at least any 



one or more of: 



25 



i. a direction parallel to the said normal to provide a "normal 
force reading" 



ii. a direction horizontal and perpendicular to said normal to 
provide a "horizontal shear force reading", and 



iii. a direction vertical and perpendicular to the normal to 
provide a "vertical shear force reading" 



30 



(c) 



means to monitor the relationship between said attractive force 



wo 2004/011326 PCT/NZ2003/000167 

-10- 

capacity reading and any one or more of said normal force reading, 
horizontal shear force reading, and vertical shear force reading to 
provide a or several "mooring status reading(s)" 
(d) means to control each mooring robot responsive to said mooring 
5 status reading (s) m a manner such that when any one or more of 

normal force reading, horizontal shear force reading reaches a 
predefined limit, and vertical shear force reading in a direction 
tending to allowing a relative movement between said vessel and 
said attractive force attachment element of a said mooring robot, of 
10 the holding capacity of said attractive force attachment element in 

such direction, said means to control initiates at least one or more 
selected firom the following: 

i. said means to establish said attractive force in a manner to 
increase said attractive force, 
15 ii. an alarm, and 

iii. a dii^lacement of the attractive force attachment element of 
at least one other mooring robot relative to its base 
structure, in a direction opposite to the direction tending to 
allowing a relative movement between said vessel and said 
20 attractive force attachment element of said mooring robot, 

to increase the loading force on said at least one other 
mooring robot and reducing the loading force on the said 
mooring robot in said direction tending to allowing a 
relative movement between said vessel and said attractive 
2 5 force attachment element of said mooring robot. 

Preferably said attractive force attachment element is a vacuum pad or cup 
and said means to establish the attractive force between said vessel and said 
attractive force attachment element is a vacuum system in fluid communication 
with said vacuum cup and includes a vacuum generator (preferably a vacuum 
30 pump). 
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Preferably wherein at least two mooring robots C1)ow sef ') are provided to 
be engaged proximate more to the bow of a said vessel and at least two mooring 
robots ("stem set") are provided to be engaged proxunate more to the stem of 
said vessel, wherein said means to control can control the attractive force of each 
5 attractive force attachment element and in a manner wherein when the attractive 
forces applied to the vessel surface by at least one of said mooring robot of each 
set reaches a first threshold the means to control operates in a manner to 
nomialise the attractive force of each robot of each set. 

Accordingly in a further aspect the present invention consists in a vessel 
1 0 mooring system which includes 

at least two mooring robots secured to a terminal, the terminal being either 
a fixed or floating dock (or a second vessel) each mooring robot including an 
attractive force attachment element engaged to a base structure of said mooring 
robot said base stmcture fixed relative to the terminal, said attractive force 
15 attachment element to be releasably engaged with a vertically extending port or 
starboard side disposed vessel surface for making fast the vessel to said terminal, 
said attractive force attachment element capable of exerting an attractive force 
normal to said vessel surface at where it is to be attached, 

means to establish the attractive force between S£dd vessel and said 
2 0 attractive force attachment element 

wherein for each robot, said system further including 
(a) a means to measure the attractive force between the attractive force 
attachment element and the vessel to provide an "attractive force 
capacity reading" and 

25 (b) means to measure the force between said attractive force attachment 

element and the fixed structure of said mooring robot at least in a 
direction parallel to the said normal to provide a "normal force 
reading" 

(c) means to monitor the relationship between said attractive force 
30 capacity reading and said normal force reading to provide a 
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"mooring status reading*' 
(d) means to control the mooring robot responsive to said mooring 
status reading in a manner such that when the normal force reading 
in a direction tending to separate the attractive force attachment 
element from said vessel reaches an attractive force reading 
threshold, said means to control initiates at least any one or both of 
selected from the following: 

i. said means to establish said attractive force in a manner to 
increase said attractive force, and 

ii. an alarm. 

Preferably whereiu each mooring robot includes means to actuate 
translational movement of the attractive force attachment element relative to the 
base structure in at least an athwartship direction and wherein said means to 
control may in addition initiate a displacement of attractive force attachment 
element of an other robot of said system in the athwartship direction towards its 
said fixed structure thereby increasing the loading force of said other of said 
mooring robots dependent on such an other mooring robot having capacity 
determined from said attractive force capacity reading, to do so. 
Preferably said system further includes 

a. means to determine shear force holding capacity between said 
attractive force attachment element and said vessel resultant from 
said attractive force capacity reading, in a horizontal direction and 
perpendicular to said normal, to provide a "shear force holding 
capacity reading" 

b. means to measure the shear direction force, being a force parallel to 
said shear holding force, between said attractive force attachment 
element and said fixed structure of said mooring robot to provide a 
"shear force reading" 

c. means to monitor the relationship between said shear force capacity 
reading and said shear force reading to provide a "second mooring 
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status reading'' 

wherein said means to control the mooring robot is also responsive to said 
second mooring status reading in a manner such that when the shear force reading 
in a direction tending to allowing relative movement of said vessel and said 
5 attractive force attachment element, reaches a predeterauned limit, said means to 
control initiates at least one or more selected from the following: 

i. said means to establish said attractive force in a manner to 
increase said attractive force, and 

ii. an alarm. 

10 Preferably said means to actuate translational movement of the attractive 

force attachment element is a linear actuator having an operation axis in the 

athwartship direction. 

Preferably said means to actuate translational movement of the attractive 

force attachment element is a hydraulic linear actuator having an operation axis in 
15 the athwartship direction, said normal force measurement derived from a means 

to sense the hydrauUc pressure of said hydraulic linear actuator. 

Accordingly in still a further aspect the present invention consists in a 

vessel mooring system for controlUng the mooring of a vessel with a wharf 

facility said system comprising: 
20 at least one mooring robot for releasably fastening to said vessel said 

mooring robot including 

i. a fixed structure fastened to said wharf facility, 

ii. an attractive force attachment element for releasable 
engagement with a planar vertical surface of vessel, said 

25 attractive force attachment element moveably disposed 

from said fixed structure to allow its relative movement to 
said facility in 3 orthogonal directions being a vertical 
direction, a first horizontal direction parallel to the normal 
of the vertical surface and a second horizontal direction 

3 0 parallel to the planar vertical surface 
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iii. means to actuate movement of the attractive force 
attachment element in at least said first and second 
horizontal direction 
means to generate a force signal representative of the force between the 
5 fixed structure and said attractive force attachment element in a direction parallel 
to said first horizontal direction, and 

means to generate a force signal representative of the force between the 
fixed structure and said attractive force attachment element in a direction parallel 
to said second horizontal direction 
10 means to generate a force signal representative of the tensile holding force 

between said attractive force attachment element and said vessel in said first 
horizontal direction, 

means to determine the shear holding force between said attractive force 
attachment element and said vessel in said second horizontal direction 
15 means responsive to said first and second and thurd mentioned means to 

generate a force signal, which when one or more of 

(a) the force measured by said first mentioned means to generate a 
force signal reaches a predefined value approaching the tensile 
holding force and 

20 (b) the force measured by said second mentioned means to generate a 

force signal reaches a predefined value approaching the shear 
holding force 
initiates any one or more selected firom the following; 
(a) an alarm and 

25 (b) an increase in the attractive force of said attractive force attachment 

element witii said vessel and 
(c) the actuation means to change in the acceleration/deceleration of 
said attractive force attachment element relative to said wharf 
facility in a direction to reduce that force which is over said 

3 0 predefined value being one or both of: 
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i, the force between the fixed structure and said attractive 
attachment element in a direction parallel to said second 
horizontal direction and/or 

ii. the force between the fixed structure and said attractive 
5 attachment element in a direction parallel to said first 

horizontal direction. 
Accordingly in still a further aspect the present invention consists in a 
mooring system for releasably affixing a vessel floating at the surface of a body 
of water to a terminal which is secured to the bottom of said body of water 
10 wherein said vessel is subjected to loading forces resultant fi-om any one or more 
of wmd, tides, water currents, waves, vessel loading levels, and movement 
actuated by said system, said system including 
at least one mooring robot which includes 

a) a base structure affixed to one of said terminal or said vessel, 
15 b) an attractive force attachment element engaged to said base 

structure, said attractive force attachment element adapted to 
become affixed to and establish an attachment with a surface of the 
other of said one of said terminal or vessel, said attachment being 
of an attractive kind establishing an attractive holding force normal 
20 to the surface at which it is to attach, 

a means to determine liie attractive holding force of said attractive force 
attachment elraaent when said attractive force attachment element is in an 
attached relationship with said surface 

a means to determine the shear direction holding force of said attractive 
25 force attachment element with said surface when said attractive force attachment 
element is in an attached relationship with said surface, said shear direction 
holdiug force (herein after "horizontal shear direction holding force") being in a 
horizontal direction and perpendicular to said normal, 

a means to determine at least one or more selected fi-om the group 
3 0 comprising of 
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a. the force (herein after "tensile force") applied by said surface to 
said attractive force attachment element in a direction parallel to 
said normal, and 

b. the force (herein after "horizontal shear force") applied by said 
5 surface to said attractive force attachment element in a horizontal 

direction and perpendicular to said normal, and 
means for allowing comparison between 

i) said the attractive holding force and said tensile force and 

ii) said the horizontal shear direction holding force and said 
1 0 horizontal shear force. 

Preferably said means for allowing comparison will initiate, when one or 
both of 

i. said tensile force reaches a predetermined limit being a 
limit below the attractive holding force but approaching 

15 said attractive holding force in a direction to tend towards 

the release of said attractive force attachment element with 
said surface, and 

ii. said horizontal shear force reaches a predetermined limit 
being a limit below the horizontal shear direction holding 

20 force but approaching said horizontal shear direction 

holding force in a direction to tend towards a relative 
movement in a horizontal direction between said surface 
and said attractive force attachment element, 
one or more selected from 
25 i. a means to establish and vary said attractive force, in a 

manner to increase said attractive holding force, and 
ii. an alarm. 

Preferably said means to determine the attractive holding of said attractive 
force attachment element when said variable attractive force attachment element 
30 is in an attached relationship with said surface includes a sensor responsive to 
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force between said attractive force attachment element and said surface in a 
direction normal to said surface and a means responsive to the signal from said 
sensor to determine the effective attractive holding force. 

Preferably said attractive force attachment element is movably engaged to 
5 said base structure by a linkage mechanism and there is provided means to 
actively actuate the movement of said variable attractive force attachment 
element relative to said base structure parallel to said horizontal shear force 
direction and parallel to said tensile force direction. 

Preferably said attractive force attachment element is movably engaged to 

10 said base structure by a linkage mechanism and there is provided means to 
actively actuate the movement of said variable attractive force attachment 
element relative to said base structure parallel to said horizontal shear force 
direction and means to actively actuate the movement parallel to said tensile force 
direction wherein said means for allowing comparison may further initiate, when 

15 one or both of 

i. said tensile force reaches a predetermined limit being a 
limit below the attractive holding force but approaching 
said attractive holding force in a direction to tend towards 
the release of said attractive force attachment element with 

2 0 said surface, and 

ii. said horizontal shear force reaches a predetermined limit 
being a limit below the horizontal shear direction holding 
force but approaching said horizontal shear direction 
holding force in a direction to tend towards a relative 

25 movement in a horizontal direction between said surface 

and said attractive force attachment element, 
a change in velocity (acceleration or deceleration) of said attractive force 
attachment element by one or both of said means to actively actuate the 
movement in order for said tensile force and/or horizontal shear force to remain 

3 0 below their respective limits. 
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Preferably said attractive force attachment element is a variable attractive 
force attachment element wherein its attractive force may be varied by a means to 
control the attractive force. 

Preferably said attractive force attachment element is a vacuum cup 
5 defining a pressure controllable cavity when engaged with said surface and 
wherein said means to control the attractive force includes a vacuum inducing 
means which is in fluid communication with said cavity to control the pressure in 
said cavity. 

Preferably said means to determine the shear direction holding force of 
10 said attractive force attachment element with said surface when said attractive 
force attachment element is in an attached relationship with said surface also 
determines the shear direction holding force Qierein after ^Vertical shear direction 
holding force") in a vertical direction and perpendicular to said noraial and 
wherein a means to measure the force (herein after "vertical shear force") applied 
15 by said surface to said attractive force attachment element in a vertical direction 
and perpendicidar to said normal is provided, for the purposes of comparison of 
said vertical shear direction holding force with said vertical shear force. 

Preferably said means for allowing comparison will also initiate, when 
said vertical shear force reaches a predetermined limit being a limit below the 
2 0 vertical shear direction holding force but approaching said vertical shear direction 
holding force in a direction to tend towards a relative movement in a vertical 
direction between said surface and said attractive force attachment element, 
one or more selected from 

i. a means to establish and vary said attractive force, in a 

2 5 manner to increase said attractive holding force, and 

ii. an alarm. 

Preferably said means to determine the horizontal shear force and/or 
tensile force includes a means to measure responsive to such force(s) and a means 
to read said means to measure said means to read providing a signal useable by 

3 0 said means allowing comparison 
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Preferably said means to determine the attractive holding force includes a 
means to measure responsive to such force and a means to read said means to 
measure said means to read providiag a signal useable by said means allowing 
comparison. 

5 Preferably said attractive force attachment element is a vacuum cup 

defining a pressure controllable cavity when engaged with said surface and 
wherein said means to control the attractive force includes a vacuum inducing 
means which is in fluid communication with said cavity to control the pressure in 
said cavity, said means to measure responsive to said attractive force being a 
10 pressure transducer engaged with said mooring robot in manner to measure the 
pressure differential between the cavity of said vacuum cup and ambient 
atmospheric pressure. 

Preferably said means to measure the said horizontal shear direction 
holding force means is a means to calculate such horizontal shear direction 
1 5 holding force from said measured attractive holding force. 

Preferably wherein means to calculate iucludes a table of empirically 
collected attractive holding force varying and dependent horizontal shear 
direction holding force reflective numbers reliant on which said horizontal shear 
direction holding force can be determined. 
20 Preferably said means to actively actuate includes at least one hydraulic 

ram. 

Preferably wherein a means to measure the displacement of said attractive 
force attachment element relative to said base stmcture is provided 

Preferably wherein an alarm is soxmded when one of more of the limit of 
25 movement of said attractive force attachment element relative to said base 
stracture is reached. 

Preferably wherein the displacement of said attractive force attachment 
element relative to said base stracture is visually represented. 

Preferably said attractive forces is able to be controlled by human input. 
3 0 Preferably said displacement is able to be controlled by human input. 
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Preferably the vacuum cups are likewise displaceable relative to the base 
structure in a horizontal and perpendicular direction to the normal and a control 
over the horizontal shear force can be had by the acceleration'deceleration of the 
vacuum cup in the horizontal direction by a means to actively actuate the 
5 movement of the cups in the horizontal direction. 

The means which may actively actuate the horizontal direction of 
movement if said cup relative to said base structure is preferably a hydraulic ram 
wherein the cup is moimted from said fixed structure by a translational movement 
allowing connection. 

10 Preferably said means to measure said tensile and/or shear force includes a 

pressure transducer directiy responsive to a respective hydravilic ram operating 
the control of the position of said vacuum cups ia the direction of measurement 
by said pressxire transducer being coupled to he hydraulic pressure of said 
hydraxilic ram, 

15 Preferably said second mentioned hydraulic ram has an operational axis of 

movement which is horizontal and transverse to the direction of said normal. 

Preferably said means to measure said shear force includes a pressure 
transducer directiy responsive to the hydratdic pressure of said hydraulic ram. 

Controlling the operation of a mooring system according to the method of 

20 the present invention maximizes its performance, reduces energy consumption 
and improves safety. By providing an alarm as capacity is approached, together 
with feedback of the capacity and the magnitude and direction of the applied 
loads, it allows the master of the vessel to take the most appropriate action to 
ensure the safety of the vessel ia extreme conditions. 

25 Where reference hereiu is made to a "direction" parallel to the direction 

ending to cause relative movement or separation, it is to be considered as being 
movement or measurement as appropriate in either the same direction or opposite 
direction. 

3 0 Brief Description of Drawings 
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Further aspects of the present invention will become apparent from the 
following description which is given by way of example only and with reference 
to the accompanying drawiags in which: 

Figure 1 is a plan view illustrating a plurality of mooring robots holding a 
5 vessel in an engaged condition to a wharf; 

Figure 2 is a perspective view of a mooring robot engaged to a wharf 
illustrating the vacuum pads in a condition ready for being received agaiost a hull 
of a vessel and wherein for subsequent reference herein, the axes of movement of 
the vacuum pads relative to the wharf are illustrated; 
10 Figure 3 is a pictorial view of a preferred embodiment of a mooring robot 

for the system and perfonmng the method of the present invention; 

Figure 4 is a side elevation of the mooring robot of FigureS; 

Figure 5 is an exploded view of the mooring robot of Figure 3; 

Figure 6 shows part of the mooring robot of Figure 5 from a rotated 
15 viewpoint; 

Figure 7 illustrates a force diagram in perspective, of the forces which may 
be applied and measured to the mooring robot of a kind as shown in Figure 2; 

Figure 8 is an end view of Figure 7; 

Figure 9 is a side view of Figure 7; 
20 Figure 10 is apian view of Figure 7; 

Figure 11 is a perspective view of a force diagram showing three 
orthogonal axes in which forces may be measured in a mooring robot as for 
example shown in Figure 2; 

Figure 12 is an end view of Figure 11; 
25 Figure 13 is a side view of Figure 11; 

Figure 14 is a plan view of Figure 1 1; 

Figure 15 is a perspective view of a force diagram of a mooring robot of a 
kind as shown in Figure 2 and to illustrate that the geometry of the arrangement 
may be such as to not provide a direct measurement of force in the desired axis; 
30 Figure 16 is an end view of Figure 15; 
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Figure 17 is a side view of Figure 15; 
Figure 18 is a plan view of Figure 15; 

Figure 19 is a front view of an alternative configuration of mooring robot 
engaged to a wharf or pylon or dolphin type pile; 
5 Figure 20 is a side view of Figure 19; 

Figure 21 is a plan view of Figure 19; 

Figure 22 illustrates a mooring robot of Figures 19-21 and wherein an 
additional fender is provided; 

Figure 23 is a front view of Figure 22; 
1 0 Figure 24 is a side view of Figure 22; 

Figure 25 is a schematic of the relationship of components of the system 
with the vessel and mooring robots; 

Figure 26 is a schematic drawing illustrating the force and displacement 
measurement which may be provided at a mooring robot of the present invention; 
15 Figure 27 is a plan view of a vessel adjacent a wharf illustrating the 

coordinates which may be measured by a mooring robot to determine the 
positioning of the vessel relative to the wharf; 

Figure 28 is a perspective view of a mooring robot illustrating the 
directions axes of movement of the vacuum pads relative to the wharf; 
20 Figure 29 is a flow diagram illustrating aspects of the control; 

Figure 30 is a flow diagram illustrating aspects of the control of the 
system; 

Figure 3 1 is a plan view of a ship more adjacent a wharf with a plurality of 
mooring robots engaged to the hull of the vessel and wherein there is also 
25 illustrated the distribution of force applied by each mooring robot between the 
vessel and the mooring robots; 

Figures 32 to 34 show some screen shots as part of the system; 
Figure 35 is a plan view of two vessels positioned adjacent each other and 
wherein vessel A has affixed two mooring robots with which vessel B can 
3 0 become engaged; 
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Figure 36 is a plan view of a mooring system wherein the forces which are 
measured at a mooring robot may not be parallel to the forces which are appUed 
by the ship to the vacuirai pad or pads of the mooring robot 

Figure 37 is a force diagram to illustrate the shear force/tensile force 
5 relationship the mathematics of which will hereinafter be described; ; 

Figure 38 is an end view of two adjacent vessels illustrating an alternative 
configuration of mooring the two vessels together by the use of a mooring robot 
of the present invention; 

Figure 39 is a perspective view of the mooring robot which may be utilised 
10 as for example shown in Figure 38; 

Figure 40 is a side view of a mooring robot of the present invention 
illustrating the degree of freedom of movement of the vacuum pads relative to the 
fixed structure of the mooring robot about a Z axis direction; 

Figure 41 is a side view of a mooring robot of the present invention 
1 5 illustrating the degree of freedom of movement of the vacuum pads relative to the 
fixed structure of the mooring robot about a Y axis direction; and 

Figure 42 is a side view of a mooring robot of the present invention 
illustrating the degree of freedom of movement of the vacuum pads relative to the 
fixed structure of the mooring robot about a X axis direction, 

20 

Detailed Description of the Invention 

Referring to Figures 1, 2 and 3 of the drawings, the present invention 
comprises a mooring system incorporating at least one and in a more preferred 
form, a plurality of mooring robots 100, which may be of a kind described ia our 

25 PCT Intemational AppUcation No. PCT/NZ02/00062. The description of the 
mooring robots m PCT/NZ02/00062 is hereby incorporated by reference- Other 
preferred embodiments of a mooring robot for the system of the present invention 
may also be utilised and reference wUl hereinafter be made to an altemative form 
with reference to Figures 19 to 21. The mooring system may alternatively 

30 include mooring robots 100 fixed to the vessel allowing the vessel to be readily 
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fasteaed to a bearing plate fixed to the dock 110 or to another vessel. Whilst 
reference in the most preferred form of the invention is made to a configuration 
where a mooring robots is fixed on a wharf, it will be appreciated that such 
mooring robots may altematively be engaged to fixed pylons or for the purposes 
5 of ship to ship mooring. 

With reference to Figure 1 a plurality of mooring robots 100 are mounted 
to a wharf or dock 110. The wharf or dock is at terminal or base with which it is 
desired for the ship to moor, usually for the purposes of loading and imloading of 
cargo. 

10 The robots may for example be fixed to a front mooring face 1 12 and/or 

deck 11 of the dock. The mooring robot 100 of Figure 3 preferably includes at 
least one or one pair of vacuum cups or pads 1, 1* which are maintained 
substantially parallel to the plane of the firont mooring face 112 for engagement 
with the hull of a vessel. In the most convenient form, the cups are to engage with 

15 vertically extending planar surfaces of a ship such as a port or starboard side hull 
surface. The cups are the means to selectively provide an attractive force 
between the fixed structure of the robot and the surface with which it is to engage 
(eg the hull of the ship). 

The mooring robot 100 is capable of positioning the vacuum cups 1, T in 

20 three dimensions, referred to herein as "vertical", "longitudinal'' and 
"athwartship", also corresponding to axes Y, Z, X respectively. "Longitudinal" 
refers to a direction perpendicular to the vertical axis and parallel to the 
longitudinal axis of the moored vessel or the front mooring face 1 12 of the dock. 

25 Variations from axes X, Y and Z beiag perpendicular to each other are 

anticipated by the inventors and accordingly where such (but less deskable) non 
perpendicular components of direction are to be measured, the system of the 
present invention can be tailored to accommodate such deviations. 

Whilst the mooring robot used for the mooring system may permanentiy 

30 hold the vacuum cups in a fixed position, in the preferred form the cups can be 
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moved relative to the fixed structure to thereby allow movement of the vessel 
when the cups are in an engaged condition. For such purposes, the mooring robot 
of Figvire 3 includes a parallel arm linJcage for movement of the vacuum cups 1, 
1' in the athwartship direction. It includes parallel upper and lower arms 2, 2' 
5 connected between a pair of columns 114 of the jframework 113 and a vertical 
guide 10. The arms 2, 2' are fixed to the framework 113 to allow for pivoting 
movement about respective longitudinally and horizontally extending axes 
wherein each arm 2, 2' is fixed in bearings 3 fastened to the columns 114. 
Likewise, a pivoting connection is provided between the arms 2, 2' and the guide 

10 assembly 10. Actuation of movement of the vacuum cups in the athwartship 
direction is provided by a hydraulic ram 4 or rams, which is also pivotably 
connected between the firamework 1 13 and tiie guide 10. 

A carriage 11 engages witii the vertical guide 10 to control vertical 
movement. The guide 10 is an assembly including a pair of parallel elongate 

15 guide members 5, 5' connected by cross members 6, 7 and 8. Fixed to the top 
cross member 6 are two hydraulic motors 9, 9' which are each connected to a 
loop of chain 20 which extends parallel to each of the guide members 5, 5' and is 
connected to the carriage 1 1 for power actuated raising and lowering thereof. 

As an altemative to hydraxilic motors, hydraulic rams may be tised. The 

20 rams are each connected to a loop of chain for actuating the displacement thereof 
appropriately. 

A sub-firame 12 to which the vacuum cups 1, T are moimted is sUdably 
engaged with the carriage 1 1 for longitudinal direction movement of the vacuimi 
cups 1, r. The carriage 11 includes vertical channels 21, 21' for engagement 

25 v^th the guide members 5, 5- and a longitudinally extending track 22 in which 
the sub-frame 1 1 is sUdingly received. Longitudinal direction movement of the 
vacuum cups 1, 1' is actuated by hydraulic ram 23 fixed in the track 22, the ram 
23 being a double-acting type with a continuous piston rod 24 extending from 
both ends of the cylinder 23. 

30 Each mooring robot 100 also includes a hydraxilic power source preferably 
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mounted inside the framework 113 and associated controls. 

A vacuum pump provides means for drawing a vacuum in tlie vacuum 
cups 1,1'- Whilst reference is herein made to a vacuum and vacuum piraip, such 
is to be considered as being of a kind where perhaps not a full vacuum is being 
5 provided but wherein a pressure differential between normal atmospheric 
conditions and the pressure within the enclosure defined between the hull and the 
vacuum cups is of a nature to establish a holding force between the vacuum cups 
and the hull. It may accordingly not be strictly speaking a vacuum that is being 
provided but is of such a pressure differential to ambient atmospheric pressure, 
10 sufficient for a holding force to be established by suction of the vacuum cups 
against the vessel. 

Details of the hydraulic and pneumatic vacuum system and its related 
control will hereinafter be described. 

The mooring robot of Figure 3 allows for the positioning of the vacuum 
15 cups to be controlled both in the vertical, longitudinal and athwartship directions. 
Actuation of the hydraulic rams (or other means of actuation) to achieve such 
positioning in those directions will allow for the positioning of the vacuum pads 
to be adjusted to the desired position. 

Referring to Figure 1, to make fast a ship, the vacuum cups 1, T are 
20 extended from the front mooring face 112 when a vessel 200 approaches. The 
cups are pre-positioned to engage with a planar section of the ship. In the most 
preferred form the planar portion is part of the huU of the ship. It is however 
anticipated that the vacuum cups may also be adapted for engagement to a non 
planar section of a hull. Furthermore whilst and in the most preferred form the 
2 5 vacuum cups attach to a hull section of the vessel, it is envisaged that alternative 
location points may also be provided for attachment of the vacuum cups with the 
vessel. Part of the superstructure may provide a surface for engagement by the 
vacuum cups of a mooring robot. 

Whilst in the most preferred form the invention has been described where 
30 the mooring robots are affixed to the shore and the vacuum pads become affixed 
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to the vessel, a vice versa arrangement may be provided where the mooring 
robots form part of the vessel and the vacuum pads engage against a surface 
affixed to the wharf. As a further alternative within the scope of the present 
invention, a mooring robot may be engaged to a vessel and be adapted for 
5 engaging to an adjacent vessel to establish a ship to ship mooring relationship. 
Such is for example shown in figures 38 and 39. Figures 38 and 39 illustrate such 
an alternative configurations of mooring robots which may be utilised in 
particular although not solely for the purposes of mooring two vessels together. 
The mooring robot 280 may present a vacuimi cup 281 from a fixed structure side 
10 282 of the mooring robot 280 which remains affixed to vessel A. A hydraulic 
ram 283 may provide the source of force measurement in the athwartship 
direction. The structure/hydraulics and geometry allows for the vessel to 
move/rotate relative to each other in all directions and within the range of the 
system. With reference to Figure 39, longitudinal movement in direction Z is 
1 5 also catered for. 

Once contact is made with the cups against the ship, the vacuum cups 1, T 
are evacuated in order to fasten to the ship. A pneumatic system is provided and 
includes a vacuum pump which may be activated until a differential pressure of a 
certain threshold (e.g. of 80%) to the ambient atmospheric pressure is obtained in 
20 the vacuum cups. An appropriate level of vacumn is achieved before actuating 
the mooring robot 100 to move the ship 200 to the desired moored position. 
Whilst a vacuum pump is the most preferred form of establishing a vacuum in the 
vacuinn cups, altemative means of establishing a vacuxmi may be utilised such as 
a for example a venturi system, 
25 After or before the desired moored position is reached the vacuimi pump 

may be stopped and a vacuum accumulator (not shown) may be cut into the 
system including the vacuum cups 1, T to maintain the vacuum. Once the 
vacuum cups are engaged with the hull of the ship 200, the vertical control of the 
vacuum pads may be inactivated such that the mooring robot becomes passive ia 
30 the vertical positioning of the vacuum cups, at least while the cups remain 
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affixed to the ship. Changes in the tide or m the loading of tihie vessel thereby 
allow for the vacuum cups to free travel in a vertical direction relative to the 
wharf and to the fixed structure of the mooring robot. The forces to which the 
vessel is subjected to as a result of loading and the state of the tide are of such a 
5 large quantity that the mooring robots of the present invention could not be 
expected to react against such in the vertical direction. Accordingly a free 
floating condition in a vertical direction of the vacuum cups is established once 
the vacuum cups are engaged to the hull. 

Some degree of passive movement of the vacuum pads relative to the fixed 

10 structure of the mooring robot may also be provided in rotational axes parallel to 
the X, Y and Z directions. Differential loading between the port and starboard 
side of a vessel may cause rotation of the hull surface about the Z axis. Similarly 
differential fore and aft loading may cause rotation of the huU about the X axis. 
Accordingly a yoke like connection of the vacuum pads with the fixed structure 

15 of the mooring robot may be provided. 

Figure 40 shows that the vacuum pads may be mounted relative to the 
fixed stracture of the mooring robot to allow for rotation of the vacuum pads 
about the Z axis. Such is to allow for variation in the list and heel of the ship. 

Figure 41 shows that the vacuum pads may be moxmted relative to the 

20 fixed structure of the mooring robot to allow for rotation of the vacuum pads 
about the Y axis. Such is to allow for variation in the yaw and misalignment of 
the ship. 

Figure 42 shows that the vacuum pads may be moimted relative to the 
fixed structure of the mooring robot to allow for rotation of the vacuum pads 
2 5 about the X axis. Such is to allow for variation in the changes in the ship trim. 

Individual pad rotations may be affected through the use of plain spherical 
bearings 540 acting as universal joints at the back of each vacuimi cup. The pair 
of pads 541 and 542 are each connected to the swing beam 543 which is 
connected via a swing beam pin 544 to die carriage arrangement 545 of the 
30 mooring robot. 
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Once engaged to the ship, control of the robot occurs. Such may in one 
respect be control over the positioning of the vacuum cups in a longitudinal and 
athwart direction relative to the fixed structure of the mooring robot such is 
preferably maintained by the hydraulic rams to thereby control the position of the 

5 ship in these directions. 

The system preferably operates such that each mooring robot 100 
mflintaitiR the sMp, within certain limits of displacement, in a moored condition in 
response to changing loading conditions resultant from wind, tidal flow and/or 
swell. On attaining the desired moored position the hydraulic pump powering 

10 the rams may be stopped and an accumulator may be cut into the hydraulic lines 
to the rams 4 and 24, thus providing a resistive resilient passive mode of 
operation of the ranas. When displacement from the desired predefined moored 
position by longitudinally or athwartship external forces occurs, the accumulator 
is passively pressurised increasing the hydraulic pressure and hence resistive 

15 force to the rams 4, 23 tending to restore the ship to the desired moored position. 
Positioning can be determined from position indicator means, part of the robot to 
which ftffther reference will herein after be made. 

Active pressurisation of the rams is preferably also controlled for piuposes 
of repositioning and/or load distribution. Reference will be made to such 

20 hereinafter. 

Whilst in one preferred form the vacuum or hydraulic pumps are cut out of 
fhet system when the accumulators are cut m, it is envisaged that the pomps may 
remain connected to the system simultaneously to the system being cut in with the 
accumulators. One reason however for cutting out the pumps is to reduce the 
25 leakage rate. 

The most critical forces to which the ship is subjected are those caused by 
current or wind that have a component in the athwartship direction acting to 
separate or cause relative sliding movements between the vessel 200 from the 
robots 100. 

3 0 The forces to which the ship may be subjected as a result of current and/or 
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wind which act on the ship in the athwartship direction may act to move the ship 
away from the wharf tending towards separation of the cups with the ship. Such a 
tensile loading between the ship and the wharf is taken up by the mooring robot. 
Such tensile loading acts to move the ship in a direction which may ultimately 
5 lead to a popping off of the ship from the vacuum cups. Similarly the 
longitudinal movement may result in a slipping of the cups long flie hull of the 
ship. The importance of maintaining a fixed relationship between the vacuum 
cups and the vessel in the longitudinal direction is therefore also high. In 
particular it is important to know the forces applied to the vacuum cup by such 
10 loading in directions parallel to the suction force for popping off reasons and 
perpendicular thereto for slippage reasons. In the most preferred form the 
vacuum cups are engaged to a vertical surface of the ship. This results in a 
horizontal suction force perpendicular to the longitudiaal direction and vertical 
direction. Reference to flie longitudinal direction holding force (a shear force as 
15 opposed to a tensile force) will hereinafter be made. Reference will firstly be 
• made to the athwartship loading that the vessel may apply to the mooring robot, 
in particular in the direction to encourage the tensile direction separation of the 
vessel with the mooring robot. 

The athwartship force induces a tensile force between the vacuum cups 
20 and the vessel. In order to allow for the appropriate level of vacuum to be 
appUed by the vacuum cups to secure the ship to the mooring robot it is important 
to know the loads that are being applied by tihie ship to the mooring robot 

Firstly it is important to recognise, with reference to Figure 36 which is a 
plan view of a ship adjacent a wharf, that a mooring robot 600 may present the 
25 vacuum cups 601 where the suction force normal to the surface of the vessel 
where the vacuum cup 601 is engaged, is not parallel the athwartship direction 
and may hence not be parallel to the force measured Fm between the vacuum cup 
601 and the fixed structure 602 of the mooring robot. However since it is 
important to know the force between the mooring robot and the vessel in a 
30 direction parallel to the normal, for the purposes of determining whether the 
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holding capacity in ihis direction is being reached, it will be necessary to conduct 
further calculations to convert the force measured Fm to tbe actual pull force Fp 
to which the vacuum cup 601 is bemg subjected to by the ship. The angle 0 may 
need to be measured for the purposes of converting the force Fm to the force Fp. 
5 Figure 36 illustrates a non aUgnment of the force Fp with the force Fm in a plan 
view however .alternatively or in addition, a variation of angle, not just about the 
Y axis but instead or in addition about the Z axis may also need to be taken into 
consideration. This is particularly so for ships where the surface with which the 
vacuum cups are to engage are not presented substantially vertically and/or 
1 0 parallel to the longitudinal edge of a wharf 

The vacuum cups may be operated over a large range of vacuum in order 
to maintain a connection with the vessel. Indeed where the wind or tidal force 
applied against the ship in a direction such that the ship is pushed against the 
vacuimi cups, theoretically, no vacuiun needs to be provided. However xmder 
15 tensile loading (opposite to the compressive loading) vacuum needs to be appUed 
to the vacuum cups ia order to ensure that a connection is maiutauied between the 
ship and the mooring robots. However such vacuum need not be provided at the 
maximum vacuum possible to provide the maximum holding force between the 
vacuxrai cups and the vessel. By monitoring the force that is appUed by the vessel 
20 to the mooring robot the system may in one aspect exercise a control over the 
vacuum cup vacuimi in order for such to be maintained to a suitable level 
sufficient to maiatain a mooring connection. Where the tensile loading appUed 
by the vessel to the mooring robot exceeds a certain threshold, the vacuum system 
may be operated to increase the vacuum that is provided to the vacuxim cups to 
25 thereby increase the holding strength of the vacuirai cups with the vessel. For 
example in a normal operating condition the vacuum may be maintained at 
somewhere between 60 to 80%. As a result of an increase in tensile load appUed 
by the vessel to the cups as measured between the cups and the fixed structure of 
the mooring robot, as soon as such force reaches a predetermined Umit, the 
3 0 vacuum pumps may be actuated in order to increase the vacuum and thereby the 
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tensile force holding capacity. Conversely where the tensile load applied by the 
ship to the mooring robot falls below a certain threshold (whether it is the same 
threshold as the threshold to activate the vacuum pumps or other) the vacuum 
may be reduced or the vacuum pump may be stopped. The vacuum limits may be 
5 different to thereby provide a hysteresis effect in the mooring system 
configuration of the pneumatic system. 

Quite separately but appropriate to mention at ibis stage, is also the fact 
that the vacuum system may not be entirely leak proof. The vacuum may drop as 
a result of leakage to below a certain minimum threshold (such as for example 
10 60%). As a result of a monitoring by the system of the vacuum pressure (within 
the enclosure defined by the cups and the vessel) the vacuum pump can be started 
so as to enhance the vacuum to a predetermined operating condition (such as for 
example between 60 and 80% vacuum). So in addition to the control of the 
degree of vacuum m response to the tensile loading that is appUed by the ship to 
15 the mooring robot, vacuum pressure per se may be monitored and controlled by 
the system of the present invention. 

The maintenance of the connection between the vacuum cups and the ship 
is also important during any instances where the repositioning of the ship occurs 
or is necessary. The mooring robots are preferably capable of repositioning the 
20 ship to a new location (in a longitudinal and/or athwartship displacement). The 
hydraulic rams of the mooring robot to position the vacuum cups athwartship 
and/or longitudinally can be actuated for the purposes of moving the vacuum 
cup(s) whilst they are engaged with the ship. Such movement will thereby result 
in the movement of the ship relative to the wharf. As will be appreciated a ship 
25 of a significantly large size and of a significant mass will have substantial inertial 
mass which has to be considered during the movement of the ship by the mooring 
robots. The application of force to the ship by the mooring robots for the 
purposes of displacing the ship will need to take into consideration such inertia 
particularly with a view to ensuring that during displacement the vacuum cups 
30 remain in a condition with vacuum sufficient to remain attached to the vessel. 
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For example the application of a large force by the ram 4 in a direction to move 
the vessel towards the wharf will result in an increase in the tensile force between 
the vessel and the mooring robot particularly until such a stage that the velocity 
of the vessel in the direction towards the wharf is increased. The acceleration or 
5 deceleration of the ship and hence the increase in loading force may require an 
increase in tlie vacuum at the vacuum cups to thereby ensure that the cups 
maiTitain a comection with the ship. Altematively or additionally, the 
acceleration or deceleration may be varied to ensure the limits of holing capacity 
are not breached. 

10 Whilst reference is firstly herein be made to the athwartship forces applied 

by the environment or during the movement of the vessel, forces between the 
vessel and the cups in the longitudinal direction will also need to be consideration 
in a like manner and for like pxirposes. Accordingly where reference hereinafter 
is made to the athwartship forces, it is to be appreciated that such forces may be 

15 as a result of those applied to the vessel by tidal or wind loading or as a result of 
the movement of the vessel in the longitudinal dnection by the robots. 

The monitoring of the loading in at least the athwartship direction is 
important for the pxirposes of determining whether the tensile loading between 
the ship and the vacuum cups is going to exceed a maximmn whereafter failure of 

20 the connection may occur. The monitoring of such forces to determine when a 
predetermined limit may be reached may then allow for an alarm to be sounded 
before such a limit is reached so that emergency action can be taken such as for 
example to secure additional fastening means to keep the ship fastened to the 
wharf and/or increase or redistribution of vacuum and loading forces. 

25 As has been mentioned, reference is firstiy herein made to the 

determination of the athwartship direction (or as with reference to figure 36 a 
force parallel to the suction pressure or pressure applied normal to the direction 
of the surface where the cup is engaged) of force which may be monitored by the 
system of the present iavention. In the most preferred form and with reference to 
30 Figure 3, the athwartship direction force between the vessel and the mooring 
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robot is for example monitored by a pressure sensing of the hydraulic pressure in 
the ram 4. With reference to Figure 25, a pressure transducer 60 is connected to 
the pressure line of the hydraulic cylinder or cylinders 4 which control the 
positioning of the vacuum cups in the athwartship direction. By the measurement 
5 of the hydraulic pressure by way of the pressure transducer 60 in the hydraulic 
rams 4, the force that is applied to the hydraulic rams 4 can be determined. 
Where the hydraulic ram actuates in a substantially horizontal direction and 
perpendicular to the longitudinal direction the pressure within the hydraulic line 
to the hydraulic cylinder 4 will be proportional to the athwartship force applied 
10 by the vessel to the mooring robot. With reference to Figure 7 to Figure 10 it can 
be seen that a hydraulic ram 4 extending in the athwartship direction has its 
actuation forces acting parallel to the athwartship direction X and accordingly the 
hydraulic pressure in the ram 4 can be directly interpolated to the force Fx 
provided by the vessel to the mooring robot. Where the position of the hydraulic 
15 ram 4 relative to the athwartship direction X may vary as is the case in the 
mooring robot of Figures 3 and 4, or figure 36, a knowledge of the angular 
displacement of the axis of operation of the ram 4 relative to the athwartship 
direction X may also need to be determined in order for the hydraulic pressure 
measured by the transducer 60 to be converted to a force in the athwartship 
2 0 direction X. With reference to Figures 1 5 to 17 it can be seen that the ram 4 may 
be provided in an angular displacement A to the X directioiL With sunple 
Pythagoras theorem calculus, the knowledge of the hydraulic pressure of the ram 
4 and the resultant force calculated therefrom can be resolved to determine the 
force Fx provided by the ship on the mooring robot iu Hie athwartship direction. 
25 With reference to Figure 4 upon the displacement of the vacuum cups 1 in the 
athwartship direction X such will result in a variation in the angle that the 
operational axis of the ram 4 makes with the athwartship direction X. The further 
the vacuum cups extend away from the wharf, the larger the angular displacement 
wiU be. However because the points of pivot between the fixed stracture 113 and 
30 the moving structure 10 of the mooring robot are known, a measurement of the 
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extension of the hydraulic ram will allow for the angle that the operational 
direction of the hydraulic ram 4 makes to the athwartship direction X. Simple 
calculations will allow for the hydraulic pressure 4 deteraiined by the transducer 
60 to be resolved for an athwartship direction force X. Similarly the mass of the 
5 components 100 swung about the pivot such as pivot 3 from the fixed structure 
can also be factored into the equation for resolving the pressure of hydraulic ram 
4 into an athwartship force direction. The greater the extension of the ram 4 the 
greater the effect of the weight of the components 102 on the hydraulic ram 4 will 
be. Alternatively angular measurement means may be provided. 
10 In the configurations of the mooring robots of Figures 19 to 23, where the 

rams to displace the vacuum pads in the athwartship direction remain parallel to 
the athwartship direction, no angular displacement of the rams occurs and no 
such additional steps to the calculations are necessary. 

In addition to the determination of the athwartship direction forces 
15 between the mooring robot and the ship, it is advantageous to also know the 
longitudinal direction forces in direction Z between the mooring robot and the 
vessel. Such forces can trend towards inducing a shear between the vacuum 
cups 1 and the vessel 200. It is important that the shear direction force is resisted 
by ensuring that a strong vacuum is maintained between the vacuum cups and the 
20 vessel in order to prevent the vessel from moving in a longitudinal direction 
relative to the vacuimi cups. If such movement occurred, a slipping of the 
vacuimi cups relative to the vessel will result which is likely to ultimately lead to 
a disconnection between the vessel and the vacuum cups. 

Similar to any movement of the vessel in an athwartship direction by the 
25 mooring robot, it is also important to know the forces between the vessel and the 
mooring robot when the vessel is being moved by the mooring robot in the 
longitudinal direction. It is important to ensure that the forces do not exceed a 
limit which is known to result in a shear failure of connection between the 
vacuum cups and the ship. 
30 In the mooring robot of Figure 3 but with reference to the exploded view 
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thereof shown in Figure 5, the control of the positiomng of the vacuum cups in 
the longitudinal direction is achieved by the ram 23. One part of the ram is 
engaged to the fixed structure of the mooring robot and the other is engaged to 
the structure movable with the vacuum cups in the longitudinal direction. 

5 Actuation of the ram 23 results in the displacement of the vacuum cups in the 
longitudinal direction. 

In a manner similar to the measurement of force in the athwartship 
direction, a measurement of the force in the longitudinal direction can be made by 
the determination of the hydraulic pressure of the ram 23. With reference to 
10 Figure 26, the pressure transducer 62 may be utiUsed for determination of the 
pressure to the hydraulic ram 23 to thereby allow for the determination of the 
force in the longitudinal direction Z. In the configuration of mooring robot as 
shown in Figure 3, the ram 23 remains in all conditions, acting in a direction 
parallel to the longitudinal direction. Accordingly the pressure determined by the 

15 pressure transducer 62 will remain proportional to the longitudinal force applied 
by the ship to the mooring robot. No non alignment factors of the ram relative to 
the longitudinal direction Z need to be taken into consideration in the preferred 
configuration. 

Ihe pressure detected by the pressure transducer 62 is preferably fed to a 
2 0 processing unit for the purposes of calculation and evaluation and monitoring and 
comparison. More detailed reference will hereinafter be made to such moniioring 
and control. 

The hydraulics to actuate the displacement of the ram 23 may (likewise to 
the ram 4) be cut into an accumulator loop of the sj^tem where it is desired 

2 5 and/or appropriate for the hydraulic ram 23 to operate in a passive mode. In such 
a passive mode the hydraulic ram will operate akin to a spring to any movement 
of the vacuum cups in the longitudinal direction Z. A lineal transducer 63 is 
preferably provided to determine the displacement of the vacuum cups in the 
longitudinal direction relative to the fixed structure of the mooring robot. The 

30 linear transducer will feed back the displacement information to the processing 
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unit which may be configured to control the actuation of the ram 23 where for 
example the displacement of the vacuum cups is close to specified limits. In such 
a situation the hydraxilics to the ram 23 may be cut out of the accumulator loop 
and into a pump loop to increase the hydraulic pressure to the ram 23 
5 appropriately to ensure the maintenance of the displacement of the vacuum cups 
in the longitudinal direction to witiiin desired limits. 

With reference to Figure 26 it can be seen that a similar hydraulic pressure 
measurement may be made of the rams 64 actuating the movement of the vacuum 
cups in the vertical direction however such measurement is less consequential 

10 since as has been before described, in operation the mooring robot will allow for 
such vertical movement to be substantially fi^ee from hydraulic control by the 
rams 64. A linear transducer 65 is preferably also provided between those fixed 
components of the mooring robot and the components moving in the vertical 
direction to position the vertical displacement of the vacuum cups to determine 

15 the positioning of the vacuum cups relative to the fixed structure of the mooring 
robot Shear direction force in the vertical direction may hence also be measured. 

With reference to Figures 7 to 10 it can be seen how the forces Fx and Fz 
measured as a result of hydraulic pressures on the rams 4 and 23, may be utilised 

20 for determining an overall force on the mooring robot Fxz. Likewise where in 
addition to the measurement of the hydraulic pressure in rams 4 and 23, pressure 
is also determined for the purposes of calculating the force applied by the ram 64, 
the force Fxyz may be determined as a vector sxmi of the forces Fx, Fy and Fz as 
for example shown in Figures 1 1 to 14. However the components of the total 

25 force in the Fx, Fz (and preferably but less importantiy Fy) are determined more 
importantiy for the purposes of ensuring that the knoAvn limits of the vacuum 
cups in each of the component directions is not exceeded. The holding force of 
the vacuum cups in the directions X and Z can be easily determined (whether 
mathematically or empirically) and the forces acting in such component 

30 directions need to be known to ensure that the ultimate limits of such holding 
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force are not reached. 

The vacuum pressure of the vacuum cups is preferably also determined by 
pressxire transducers 66 as for example shown m Figure 26 and such pressure 
information is fed back to a processing unit for the appropriate processing. 
5 With reference to Figure 37 there is shown a force diagram to illustrate the 

relationship between the shear force and the vacuum couple force. The vacuum 
pad 380 is engaged to the ship hull 381. In Figure 37 the nomenclature defines 
the following: 

Fp = pull of force between ship and fixed structure of mooring robot; 
10 Fv = vacuum couple force; 

Pa = atmospheric pressure; 
Pv = vacuxmi pressure; and 
Fs = available shear force capacity. 

With reference to Figure 37 the vacuum couple force Fv = (Pa - Pv) x 
1 5 (effective suction area of vacuum cup). 

The pull of force Fp = the force as measured as a factor of the in/out 
hydra\iHc pressure (or that determined from strain gauges or other). 

Accordingly the shear force Fs capacity is a function remaining 
couple/normal Fn force and coefficient of Mction m between the vacuum pad and 
20 shiphuU. This may accordingly be expressed as: 
Fn = F V - Fp and 
Fs = mFn. 

The coefficient of fiiction m can be determined experimentally and will 
normally be determined during commissioning of the mooring system. A data 
2 5 table may be estabUshed for the shear force holdmg capacity over a range of Fv. 
Some variation will occur dependent on the characteristics of the surface which 
the vacuum pad will engage. 

In addition to the monitoring of the force applied by the ship to the 
mooring robot in the athwartship direction X, the position of the ship relative to a 
30 fixed stracture of the mooring robot and/or wharf is also determined. Where the 
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ship moves relative to flie fixed structure of the mooring robot beyond certain 
limits, the accumulator may be cut out of the hydraulic system of the ram 4 and 
pumps may be actuated appropriately to move and maintain the vacuum pads and 
hence the ship in the athwartship direction to a specified or within a range of 
5 limits of displacement. Such displacement may for example be measured by the 
measurement of the extension of the hydraulic ram 4 likewise longitudinal 
positional control may be exercised. 

Known displacement measuring devices may be utilised for such purposes. 
Such may include optical or laser measuring components or linear transducers. 
10 There is currentiy also available a system that reads "marks" on a hydraulic 
cylinder shaft that works in much the same way as an electronic vernier. The 
measurement of displacement (e.g. by linear transducer 61) in the athwartship 
direction like the measurement of the hydraulic pressure by the pressure 
transducer 60 are fed to a central processing vmit. With the knowledge of the 
15 displacement of the vessel in the athwartship direction relative to the fixed 
structure of the mooring robot and with the knowledge of the forces between the 
fixed structure of the mooring robot and the vessel, a significant degree of control 
and monitoring of the status of the vessel can be maintained by the mooring 
robot of the present invention 
20 Furthermore and with referraice Figure 26, huU proximity sensors 67 are 

provided which may be utilised during tihe preliminary stages of estabUshing a 
mooring contact between the mooring robot and the vessel so that sudden or large 
shock forces can be avoided during the application of the vacuum pads to the 
vessel. Proximity information provided by the hull proximity sensors 67 can be 
25 fed to the central processing unit to thereby control the positioning of the vacuum 
cups by the actuation of the hydraulic rams 4 and/or 23 and/or 64 appropriately 
for estabUshing a gentie contact between the vacuum cups and the vessel. Whilst 
in Figure 26 the hydraulic pump/hydraulic accumulators and valves 68 have been 
shown generally a parson skilled in the art of hydrauUcs provide such in an 
3 0 appropriate form Similarly the vacuum punq)/hydraulic accumulators and valves 
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69 have been shown generally in Figure 26. 

With reference to Figures 19 to 21 there is shown an alternative 
configuration of mooring robot 100. The mooring robot in this example consists 
of four vacuum pads 1 supported by a structure engaged to a wharf such as the 
5 firont face 112 of the wharf and the deck 113 of the wharf. A vertical 
displacement carriage 81 is provided to mount the vacuum cups 1 from vertically 
extending rails 82 to allow the vacuum cups to travel in a vertical direction. A 
sub-carriage 83 is provided from the carriage 81 to allow the sub-carriage and 
hence the vacuum cups 1 to travel in a longitudinal direction and between the 
10 rails 82. HydrauUc rams and a supporting structure 84 are preferably provided to 
allow for the displacement of the cups 1 in an athwartship durection from both the 
carriage 81 and sub-carriage 83. Displacement of the vacuum cups 1 relative to 
the fixed structure of the mooring robot 100 as shown in Figures 19 to 21 is 
preferably provided in the athwartship direction by hydraulic rams. Likewise the 
15 movement in the longitudinal direction is provided by hydraulic rams. Movement 
in the vertical direction in this configuration may not necessarily be by hydraulic 
rams and may instead be by rack and pinion or similar arrangement to allow for 
the displacement of the vacuum cups in the vertical direction. The hydraulic 
rams to actuate the movement in the athwartship direction and in the longitudinal 
20 direction are preferably engaged to pressure transducers which (for the purposes 
and in a similar configuration as that described with reference to the mooring 
robot of Figure 3) allow for the determination of the forces applied by the ship to 
the mooring robot in the longitudinal and athwartship directions. Figures 22 to 
24 show by the shaded region 180 the degree of freedom of movement that can 
25 be achieved by the mooring robot of this configuration to position the vacuum 
cups within the envelope 180. 

Figure 35 illustrates two mooring robots 250 engaged to vessel A in a 
permanent manner and wherein vacuum cups 251 are disposed from the side of 
vessel A to be presented for engagement with vessel B. In the most preferred 
30 form the vacuum pads extend in a condition such that the suction force N is 
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substantially horizontal and nonnal to the surface 252 of the vessel B against 
which the vacuum cups 251 are to engage. In the most preferred form the 
vacuum cups are to engage with a substantially vertically extending surface of 
vessel B. 

5 With reference to Figure 31, in certain situations the load distribution 

between the plurality of mooring robots may not be equal. Indeed it may be that 
one mooring robot is at or approaching its maximum tensile force holding 
capacity- The system can be operated or may operate automatically in such 
conditions to provide for a redistribution of individual loads amongst the plurality 

10 of mooring robots. With reference to Figure 3 1 it can be seen that the magnitude 
of athwartship direction forces in those robots towards the bow of the vessel are 
greater than those towards the stem. This may be as a result of differential wind 
or tidal flow loading and is quite conceivable in a given mooring facility. It may 
be that part of an offshore breeze is blocked by a large building on the wharf and 

15 wherein the bow of the vessel is subjected to high wind loading to force the bow 
away from the wharf. With the provision of monitoring of the forces on all 
mooring robots a loading profile can be established as a factor of distance along 
the wharf With reference to Figure 31a redistribution of loading on individual 
robots can be achieved by for example increasing the athwartship direction force 

20 towards the wharf by mooring robots 2 and 3 to thereby reduce the load in the 
athwartship direction from mooring robot 1. Such redistribution of forces by the 
movement of an individual mooring robot in the athwartship direction as for 
example towards the wharf, may also be accompanied by an increase in the 
vacuum force of the vacuum cups of the mooring robot. In the example of figure 

25 1 , where the mooring system includes at least two mooring robots for engagement 
proximate more to the bow of a vessel and at least to mooring robots for 
engagement proximate more to the stem of the vessel, and where the athwartship 
direction force applied to one mooring robot in the aft set of mooring robots 
exceeds a threshold, and both robots in the aft set have the same holding capacity, 
30 then the athwartship force measured on the other mooring robot of the aft set is 
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increased by actuation of the robot to evenly distribute the respective athwartship 
forces exerted by each robot 

Similarly a load profile in the longitudinal direction of each of the mooring 
robots can be determined. It may be that one mooring robot is reading a force in 
5 the longitudinal direction between the vessel and the mooring robot which is 
approaching the shear force holding capacity of the vacuum cup of such a robot 
Where adjacent robots of the mooring system are in operation within the limits of 
the shear force direction holding capacity of their respective vacuum cups, such 
other robots may be moved in a direction to reduce the load ia the longitudinal 
10 direction of the mooring robot approaching its shear force direction holding 
capacity. Such movement may be in conjunction with an increase in vacuum 
pressure to also increase the shear force holding capacity. 

Knowing all the inputs from the data collected by the system, a PLC is 
able to control and/or distribute the shear/longitudinal capacity of each unit. As 
15 Fp may vary from unit to unit (see for example Figure 31) the system optimises 
pressure in the longitudinal direction (Z direction) of the hydraulic cylinders to 
provide the best holding force in the Z direction over all units. Such can also 
occiu- in conjunction with the holding of the vessels into the fenders 50 where the 
capacity Fn allows. 

20 As shown in Figure 1, a mooring system in the illustrated embodiment 

includes two pairs of mooring robots 100 each having an independent hydraulic 
and vacuum supply, the robots 100 being installed between energy-absorbing 
fenders 50 placed at intervals along the front face of the dock 12. The system 
may be operated or may automatically operate in a manner such that if the force 

25 applied to the robots 100 has a longitudinal component exceeding the limits 
towards holding capacity in the Z direction, the robots 100 are controlled to press 
the hull of the vessel 200 to engage the fenders 50. In other words, as the shear 
force begins to reach capacity and there is enough holding capacity in the 
athwartship direction, the units may retract the vessel into the fenders to give a 

30 greater friction holding capacity in the longitudinal direction and hence increase 
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the shear holding capacity of the system. As this will have an effect of 
decreasing the athwartship capacity, the use of this process maybe fairly limited. 

Some mooring facilities may only require the use of one mooring robot at 
or towards the bow or stem of a vessel and wherein the other end of the vessel is 
5 retained relative to a wharf or facility by other means. For exan^le roll on roll 
off ships may often be moored in respect of a facility where the stem of the 
vessel where the roll on/roll off bridge is normally provided, in a slot region 
defined by the wharf Since this portion of the ship is captured within such a slot 
region it may not require any further mooring at such a region of the ship and it 
10 may be that the bow or towards the bow of the ship, a mooring robot of the 
present invention is provided. Such is also for example shown in Figure 36. 

In terms of the monitoring and control of the system, each of the mooring 
robots 100 is connected by a Unk (e.g. wireless) to a remote control unit mounted 
aboard the vessel 200. The remote control transmits a signal to each mooring 
15 robot 100 to control its position and operation, and receives feedback of actual 
position forces and vacuum pressures includmg the magnitude and direction of 
the mooring loads in at least the athwartships direction. By displaying this 
information at the bridge of the vessel the master is able to take actions to reduce 
or redistribute the loads and also receives instant feedback upon the effects of 

20 these actions. 

Under most conditions the operation of the mooring robots 100 is 
coordinated, for example, when mooring and unmooring the ship, or when 
performing vertical or horizontal stepping movements, as described in WO 
0162584 which is hereby mcoiporated by way of reference. Monitoring of 

2 5 hydraulic pressures in the rams 4, 23 and vacuum in the vacuum cups 1,1' allows 
the performance of the system to adjusted to attain optimum use of each mooring 
robot 100. 

Under normal conditions when the mooring robot 100 approaches the 
extent of its vertical travel the system initiates a stepping sequence moving each 
30 mooring robot 100 alternately in a stepwise manner, however in this highly 
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loaded state, stepping is prevented to ensure security of the vessel. With 
reference to Figure 29, there is shown a basic control loop outlining the process 
for repositioning a unit in the vertical, if the system has to be moved out of range 
in the Y direction (i.e. vertical stepping). It will be observed that if the load is too 
5 great to allow for a mooring robot to detach, then no detachment will occur. 
Instead an alarm will be sent to the ship/shore personnel who will then take the 
appropriate action. 

The total mooring force applied to the vessel 200 by each robot 100 when 
the hidl is free from the fenders 50 is the sum of the athwartship and longitudinal 
10 components as measured through the transducers fixed to the rams 4 and 23 
respectively. By knowing the magnitude and direction of this total mooring force 
the master is able to detCTmine the best response to any situation. 

Preferably time varying behavioxir of the vacuum in the vacuum cups and 
the mooring loads and directions as determined from the pressure measurements 
15 made at the rams 4 and 23 are monitored and recorded. Other data is also 
monitored and recorded, including the position of the vacuum cups. Optionally, 
environmaital measurements of wind and current speed and direction may also 
be simultaneously monitored and recorded, allowing vessel-specific data to be 
accumulated for load prediction. 
20 The system of the present invention provides complete automation of the 

mooring process without requiring manual adjustment to be made involving 
human input. The system allows the measurement of the displacement of the ship 
when engaged with a mooring robot or robots to allow the determination of the 
distances moved from a pre-programmed reference position and thereby allowing 
2 5 such distances to be compared with user defined tolerances. The system provides 
for a means of counteracting the longitudinal and athwartship forces by the use of 
hydraulic actuators which can be actuated in response to information provided by 
the linear transducers to thereby revert the ship to its original position or to within 
a predefined displacement envelope. The system also provides for a means of 
30 actively guiding the ship into a pre-programmed position or a repositioning the 



wo 2004/011326 PCT/NZ2003/000167 

-45- 

ship to a different position. The ships may often be required to move along a 
wharf in relation to a shore ramp, bulk loading/discharge devices or container 
gantry cranes during their stay in port. The present invention allows for such 
displacement to occur and for full control over both the positioning and the 
5 degree of fastening of the ship with the mooring robots to be determined and 
maintamed. Athwartship direction control of the vessel by Ihe system of the 
present invention is also important for the purposes of keeping the hull away 
from fenders and other wharf structures thus reducing the contact damage which 
may result in paint abrasion and mechanical wear. 
10 The system allows for the ongoing measurement of forces acting on the 

ships hull as a result of tidal flow and wind loading in several planes directly. In 
addition the system may allow for the vertical forces to be determined and 
vertical travel to be determined. Combining some or all of the values that may be 
measured by the system of the present invention will allow for the overall forces 
15 and displacements to be continuously and unmediately calculated and monitored. 
An alarm is indicated when the system is ^)proaching its holding capacity as 
determined by the tensile loads in each robot approaching the holding capacities 
of their respective vacuum cups, thus allowing the ship's captain to take 
emergency action. Optionally the master may set an "alert" at some level below 

2 0 this alarm level. 

For the purposes of ensuring that an integral connection between the wharf 
and the vessel is maintained, such information can also be useful for statistical 
analysis and may be correlated for determining environmental conditions such as 
wind and swell conditions which may in future be utilised for configuring the 
2 5 particular mooring faciUty or other mooring facihties of the present invention for 
the particular ship. With the knowledge of weather conditions and having 
collected statistical information on the mooring behaviour of a particular vessel in 
a particular port, the mooring system of the present invention to be configured in 
a manner suitable for future mooring the particular ship in particular 
30 environmental circumstances. It will be appreciated that some ships will be 
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subject to higher loading forces as a result of having higher windage 
characteristics. A particular mooring system may be configured prior to 
receiving a ship from which previous data has been collected, to a condition 
which is going to be suitable for maintaining an integral mooring relationship 
5 with the vessel dependent on the environmental conditions in existaice at the 
time of initial mooring. The system can accordingly allow for the generation of a 
database on historical environmental scenarios and the consequences thereof for a 
particular ship which may in future be used for the appropriate initial 
configuration of the mooring system during the initial mooring phase of the 
1 0 vessel. It may for example be known that in a 20 knot offshore breeze the tensile 
loading that the ship will subject to the mooring robot wiU requke for the vacuum 
cups to operate at 90% which may be outside of the initial standard op^ting 
conditions of the vacuum cups. With the knowledge of wind speed in a 
subsequent mooring of the vessel at the mooring facility the vacuum cups can be 
1 5 configured to immediately operate at 90%. The system may be configured so that 
ship personnel can have ftdl autonomy over the system. Displacement and force 
information of each mooring robot as well as a total loading and displacement 
condition may be monitored as well as presented graphically by the system of the 
present invention. An alarm system, and continuously monitored data is 
20 displayed using bars or other graphic illustrations on a computer screen 
displaying the magnitude of force and displacement of the total mooring facility 
as well as those on individual robots. 

Whilst to a large extent reference herein is being made to a mooring robot 
it is to be appreciated that the vessel in all hkely circumstances is to be secured to 
25 the wharf by at least two mooring robots at least one preferably provided at each 
end or towards each end of the vessel. Data obtained firom the relationship of the 
vessel between each mooring robot can be collected and combined where 
necessary to provided an overall mooring status. 

The collected data is preferably presented graphically. Figures 32 to 34 
30 illustrate a screen shot which is indicative of the kind of information that may be 
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displayed as part of the present inventloiL 

Figure 32 is a unit status support screen shot providing unit performance 
and particulars. The summary screen for each unit displays the loads in the X, Y 
and Z directions, the load capacity, the position in X, Y and Z, hull distance 
5 sensing data and vacuum levels. Regions 300 of the screen shot illustrate bar 
graphs of the vacuum levels in each pad of the mooring robot, regions 301 
illustrate numerically the vacuum levels in each pad, region 302 is a bar graph of 
the imit holding capacity that remains and adjacent that is the corresponding 
numerical value. Regions 303 are illustrative of the pad proximity sensor status 

10 wherein there are two proximity sensors per vacuum pad. Regions 304 illustrate 
the force imit that is applying to the ship by the mooring robot Region 305 
illustrates the extension of the mooring robot in positioning the vacuum pads in 
the athwartship direction and region 306 illustrates the up and down displacement 
of the vacuum cups. The graphic bars illustrating the displacement and forces 

15 can be colour coded and change colour from green to orange to red as they 
approach predefined limits for that particular parameter. The sj^tem may have 
such limits pre-programmed and/or may allow for adjustment of such variables. 
In Figure 32, QSl, QS2, QS3 and QS4 relate to the four mooring robots which 
are provided along the wharf for the puiposes of mooring the vessel with the 

20 wharf. By clicking on the button for the respective unit, data for that particular 
unit will display. 

Figure 33 is a screen shot for displaying recorded data of a mooring robot 
for the entire mooring system, over time. Force and pressure variation of one or 
more mooring robots or of the entire vessel relative to the wharf may be 

25 displayed. As well as displaying data from each individual unit, a summary 
screen as for example shown in Figure 34 may be provided for showing the 
mooring capacity as a summary of all units allowing persomiel to make informed 
decisions at a glance. Furthermore the screen shot of Figure 34 illustrates in 
region 310, buttons which may perform a sequence of tasks. 

30 Region 901 may illustrate the force units 1 and 2 applying to the ship in 
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the athwartship direction, region 902 may show the units 1 and 2 athwartship 
position, region 903 may show units 1 and 2 athwartship loading in metric 
tonnes. 

Region 904 may show the units 1 and 2 percentage of athwartship holding 
5 capacity used, regions 905 may illustrate the same information as regions 901 to 
904 but for units 3 and 4. Region 906 is a graphic of the berth, region 907 
illustrates units 3 and 4 percentage of fore/aft holding capacity used, region 908 
illustrates units 3 and 4 fore/aft loading in metric tonnes. 

Region 909 illustrates units 3 and 4 forces that are applied to the ship in 
10 the fore/aft direction, region 910 illustrates unites 3 and 4 fore and aft position. 
Region 911 illustrates information in respect of units 1 and 2 corresponding to 
those similar of regions 907 to 910. 

With reference to Figure 25, which shows a schematic of the preferred 
arrangement of components for the system of the present invention, it can be seen 
15 that data collected from the mooring robots is processed by a shore based PLC. 
The PLC may be connected to an industrial PC for further processing of data 
and/or control of the system via the PLC. A radio Unk to the ship may be 
provided from the shore based component of the system of the present invention 
although as an altemative, such a link may be a hard wired link. Data collected 
20 by the shore based PLC can in such a way be transmitted to the ship where 
display of the infomiation processed by the shore based systraa and or fiirther 
processing of the data from the shore based system may occur. A ship based PLC 
and/or PC may provide any additional processing and allow for relevant 
information to be displayed. Any input from either the shore based or ship based 
25 PC can be transmitted to the shore based PLC for the active control over both the 
positioning and forces that are applied by each individual mooring robot and 
vacuum at the vacuum cups to ensure a desirable connection is maintained 
between the mooring robots and the ship. In the most preferred form all feedback 
from the mooring imits is coromunicated to the shore based PLC and then 
30 appropriate data is transmitted for display on the PCs on shore and ship. The 
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PLCs evalxiate feedback and then commands each unit to respond as required. 
Feedback includes linear position in the X, Y and Z directions from the . linear 
transducers or similar device and/or forces in the X, Y and Z directions from the 
pressure transducers on each hydraulic cylinder. An altemative is to use strain 
5 gauges which may be positioned on the units in appropriate locations to 
determine forces. For example, Figure 30 illustrates a flow diagram of a basic 
control loop for keepiag the vessel in a defined moored range in the X, Z plane. 
If the vessel remains out of range for some time and the mooring units are 
reaching the limits of holding capacity and/or range of movement, alarms are sent 
10 to the ship/shore personnel. The athwartship force, vacuum attractive force and 
alarm signals may be transmitted (e.g. to a central monitoring station or the port 
authorities) for providing remote monitoring of the performance of the mooring 
robot. 

The PLC converts information to a force reflective number and for display 

15 on tiie PCs. Vacuum levels in each vacuum pad and proximity information may 
also be processed and displayed graphically. Either the ship PC or shore PC may 
be used to control the mooring units with appropriate security on each. Macro 
control commands may be provided for and can include a) execution start up 
sequence when a vessel is arriving, b) mooring of the ship, c) detaching of the 

20 ship, d) detaching with a push to give the ship an initial momentum away from 
the berth when leaving, e) to move the vessel forward a defined distance, f) 
detach and park the units in a shutdown mode. 

The system may also provide operational steps where there is a power loss 
to the system. In such a situation the system wlQ remain attached to the vessel 

25 via the vacuum cups until the pressure inside the vacuxmi cups approaches 
atmospheric pressure hence the holding capacity decreases for example due to 
leakage of they system. The pneumatic and vacuum valves in the circuit may 
then return to their off state which has been designed such that the vacuum 
remains in the cup for the longest amount of time. In their off state the valves 

30 remove components from the circuit which may contribute to the leakage of the 
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systetn, particularly the pneumatic and vacuum pumps. In the power loss mode 
the hydraulic accumulators will be cut into the circuit enabling the system to 
retain its flexibility and resilience in liie X-Y plane. In this mode, the restoring 
force will be proportional to displacement only and not time. 
5 The fact that the present invention utilises incompressible fluids and fi-om 

which force measurements may be taken, a faster reaction time in terms of 
communioating information to and from tiie ship based computer can be provided 
for. Real time in absolute values of both forces and displacement can be 
provided by the system of the present invention. 

10 Whilst the system may operate to control the position of the mooring 

robots in a continuously active mode, some time averaging responses to the 
control of the actuators may be a more appropriate form of control of the mooring 
robots. In such manner a continuously active control over the mooring robots 
need not be provided and control may only be provided at such stages where 

15 displacement of the vacuimi cups from a predetermined norm occurs for any 
specified time period before active control over the vacuum cups to restore these 
two within the displacement range occurs. 
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